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n = 2 Landau Fermi
B
b
n = 2 Landau Fermi
n = 2





























































































































































































X XRD: X-ray diration Rietveld
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XRD x = 0, 0.03, 0.08, 0.12,
0.15, 0.25 Cu x ICP









X  = 0.063035 nm R3m
Bi Se Se(1) van der Waals Se




















































3.6  x = 0.1
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3.12
Shubnikov-de Haas
1/B Fourier FFT FFT
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165 0.071 0.14 5.77 3.27 18.9
0.03 2:7  10
20
394 0.110 0.30 4.22 5.43 24.1
0.10 3.210
20
392 0.110 0.31 4.08 5.43 22.1
0.20 1.310
20
348 0.109 0.24 5.00 5.65 28.0
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T = 2 K
3.11: Cu x
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3.13 ICP Cu x = 0.15
x = 0.25 x = 0.15 Cu
x  0.10
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3.15: Rietveld a 
Bi-Cu x < 0.15 
Cu x > 0.15
ICP x = 0.15







x 0 0.03 0.08 0.12 0.15 0.25
R
wp
1.56% 1.47% 1.50% 2.04% 2.34% 2.50%
R
p
1.06% 1.06% 1.03% 1.41% 1.54% 1.74%
R
R
8.64% 9.26% 9.18% 12.25% 15.85% 17.64%
R
B
3.18% 4.05% 3.44% 6.46% 5.46% 7.57%
R
F
1.69% 1.86% 1.44% 2.16% 1.96% 2.73%
R
e
0.16% 0.15% 0.15% 0.14% 0.15% 0.12%
S 9.99 9.99 10.14 14.89 15.33 20.65
a /nm 0.41394 (1) 0.41392 (2) 0.41389 (1) 0.41383 (1) 0.41382 (3) 0.41389 (3)
 /nm 2.86385 (7) 2.86469 (9) 2.86472 (7) 2.86581 (12) 2.86686 (17) 2.86619 (18)
z
Bi
0.40066 (2) 0.40057 (2) 0.40067 (2) 0.40050 (2) 0.40029 (4) 0.40062 (5)
z
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0.97 (4) 0.94 (4) 1.45 (4) 0.39 (6) 0.4 0.4
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3.24 FFT SdH F
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T = 4.2 K
1/B (T-1)
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1/B (b) (d) SdH FFT
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 ellipsoidal fit Bi2Se3
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DTA 4.3 4.3(a) 2
3 625






519 560 520 BiSbTeSe
2
560 No.1 520 No.2
EDX 4.1 No.1 Bi Sb
Te Se Sb Te
Sb Te No.2 Sb Te
10% No.2 No.1
SEM 4.4(b) No.2











DTA Ar 1 0.5
3
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Bi(99.9999%) Sb(99.9999%) Te(99.9999%) Se(99.9999%)
Bi KOH Sb Te HCl Se







sample nominal omposition Bi Sb Te Se
No.1 (DTA, bulk) BiSbTeSe
2
1 0.79 0.53 1.28






1 0.97 0.96 1.63






2 0.02 0.57 3.55






1 0.96 1.04 1.95






















Bi : Sb : Te : Se = 1 : 0.96 : 1.04 : 1.95











3m (No.166) a = 4.16789(1) Å  = 29.5004(2) Å R
wp
= 11.90%
Site Multipliity Wyko g x y z B /Å
2
Bi 6  0.50(1) 0 0 0.39706(3) 0.79 (2)
Sb 6  0.50(1) 0 0 0.39706(3) 0.79 (2)
Se(1) 6  1 0 0 0 0.63 (2)
Te(1) 6  0 0 0 0 0.63 (2)
Se(2) 3 a 0.50(1) 0 0 0.21440(2) 1.14 (2)
Te(2) 3 a 0.50(1) 0 0 0.21440(2) 1.14 (2)
4.5
Rietveld 4.7 4.2 BiSbTeSe
2
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-38 meV 251 meV
289 meV ARPES  300 meV [46℄
dI=dV
ARPES Dira
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